ABSTRACT Polyploidy, the inheritance of more than two genome copies per cell, has played a major role in the evolution of higher plants. Little is known about the transition from diploidy to polyploidy but in some species, triploids are thought to function as intermediates in this transition. In contrast, in other species triploidy is viewed as a block. We investigated the responses of Arabidopsis thaliana to triploidy. The role of genetic variability was tested by comparing triploids generated from crosses between Col-0, a diploid, and either a natural autotetraploid (Wa-1) or an induced tetraploid of Col-0. In this study, we demonstrate that triploids of A. thaliana are fertile, producing a swarm of different aneuploids. Propagation of the progeny of a triploid for a few generations resulted in diploid and tetraploid cohorts. This demonstrated that, in A. thaliana, triploids can readily form tetraploids and function as bridges between euploid types. Genetic analysis of recombinant inbred lines produced from a triploid identified a locus on chromosome I exhibiting allelic bias in the tetraploid lines but not in the diploid lines. Thus, genetic variation was subject to selection contingent on the final ploidy and possibly acting during the protracted aneuploid phase. (McClintock 1929) . resolved, independent assortment produces mostly anThese studies introduced the idea that triploids could euploid gametes. As a result, the immediate progeny of produce viable aneuploids, which were mostly trisomics. triploids can be composed of a complex swarm of varied Variation for aneuploid production exists. For example, karyotypes, which differ in the number of copies of each triploids of cherry tomato produce more aneuploids than chromosome. 
T HE genomes of flowering plants, yeast, and vertefertility of triploids (Khush 1973) . In animals, triploidy brates bear the imprint of multiple ancestral duplialmost always results in complete sterility (Benfey 1999 ; cations, consistent with sudden and accidental formaGarnier- Gere et al. 2002) . Triploid plants, on the other tion of polyploids from diploids followed by gradual hand, exhibit various levels of fertility ranging from diploidization (Wolfe and Shields 1997; Soltis et al.
effective sterility, such as in seedless watermelon, to the 2003). Considering the importance of polyploidy in evoseverely reduced fertility of Datura (Satina and Blakeslution, surprisingly little is known about how new polylee 1937a,b, 1938) and maize (McClintock 1929) or ploids arise and whether gene flow occurs between polythe mildly reduced fertility of poplar ( Johnsson 1942 ), ploids and their cognate diploids, a feature that could sugar beet (Levan 1942) , or Melandrium (Warmke and affect their evolutionary relationship. Particularly, trip Blakeslee 1940) . loids may function as bridges between diploid and tetraAmong aneuploids, trisomics are by far the best docuploid populations (Ramsey and Schemske 1998) .
mented (Khush 1973) . In the early 1930s, triploids were Triploids are often phenotypically normal plants but used as sources of trisomics, which were instrumental in are meiotically unstable and therefore transient. Meiosis the confirmation of the role of individual chromosomes in and chromosome pairing are particularly complicated development (Blakeslee 1922) . Blakeslee (1922) used a for triploids in which three sets of chromosomes must triploid to produce all 12 trisomics of Datura, all exhibiting be resolved to two poles. This results in frequent chrodifferent phenotypes, as predicted. Similar results were mosome loss and chromosome fragmentation (McClin- obtained later in tobacco (Clausen and Cameron 1944) , tock 1929). Even if chromosome pairing is successfully tomato (Lesley 1928) , and maize (McClintock 1929) . resolved, independent assortment produces mostly anThese studies introduced the idea that triploids could euploid gametes. As a result, the immediate progeny of produce viable aneuploids, which were mostly trisomics. triploids can be composed of a complex swarm of varied Variation for aneuploid production exists. For example, karyotypes, which differ in the number of copies of each triploids of cherry tomato produce more aneuploids than chromosome. The negative consequences of aneuploidy triploids of the San Marzano variety (Rick and Baron on the gametophytes and the progeny, as well as meiotic 1953; Rick and Notani 1961). Variation is even greater instability, can contribute to a dramatic reduction in between species. The triploids of sugar beet (Levan 1942) , Melandrium (Warmke and Blakeslee 1940), or poplar (Johnsson 1945) tion.
For all traits, mean values for each of the five genotypes were compared to each other on a pairwise basis using Student's t-test (␣ ϭ 0.05).
MATERIALS AND METHODS
Flow cytometric determination of genome content: Approximately 300 mg of leaf tissue or three clusters of unopened Plant materials: lines, growth, and crosses: Most Arabidopsis buds from inflorescences were harvested from an individual thaliana ecotypes were obtained from the Arabidopsis Biologiplant and laid in a round petri dish sitting on a bed of ice cal Resources Center (ABRC). A few ecotypes were obtained and containing 1.5 ml of ice-cold chopping buffer (15 mm directly from Magnus Nordberg (University of Southern Cali-HEPES, 1 mm EDTA, 80 mm KCl, 20 mm NaCl, 300 mm fornia, Los Angeles) and are now available at the ABRC. The sucrose, 0.20% Triton-X, 0.5 mm spermine, and 0.10% freshly Col-0 ϫ Wa-1 recombinant inbred lines described by Schiff added ␤-mercaptoethanol, pH 6.1). The tissue was chopped and coworkers (Schiff et al. 2001) were obtained directly from using a fresh carbon-steel razor blade (VWR) for ‫1ف‬ min. Shauna Somerville (Carnegie Institution, Stanford, CA).
The fluid was transferred to a 5-cc luer-loc syringe (BectonThe nomenclature of the different lines used is as follows:
Dickinson, Franklin Lakes, NJ) fitted with a 13-mm filter Col-0 represents the diploid ecotype Columbia; 4x-Col repreholder (Millipore, Bedford, MA) containing a 30-m nylon sents tetraploidized (see below) Col-0; and Wa-1 represents mesh filter (Small Parts, Miami Lakes, FL; CMN-30 monofilathe naturally occurring tetraploid ecotype Warschau. The two ment cloth). The fluid was gently passed from the syringe triploids were generated as follows: the CCC triploid is the through the filter and into a 1.7-ml microcentrifuge tube and product of a cross between Col-0 as seed parent and 4x-Col stored on ice. The tubes were centrifuged at 500 ϫ g for 7 as pollen parent while the CWW triploid was generated by min at 4Њ and the supernatant was discarded. Pelleted nuclei crossing Col-0 as seed parent to Wa-1.
were resuspended in 0.5 ml of ice-cold staining solution (640 Tetraploid A. thaliana, ecotype Columbia (4x-Col) was genl of chopping buffer supplemented with 0.31 l of 100 mg/ erated as follows: Col-0 Arabidopsis seeds were surface steriml RNAse and 12.8 l of 5 mg/ml propidium iodide). The lized, sown on 0.5ϫ MS agar medium (Murashige and Skoog fluid was transferred into another syringe fitted with a 30-m 1962) supplemented with 0.5% sucrose, stratified for 4 days nylon mesh filter and gently forced through the filter into a at 4Њ in the dark, moved to a 16:8 hr light:dark regime, and 5-ml tube (Falcon, Lincoln Park, NJ). The tubes were capped grown for 2 weeks. Seedlings on the plate were submerged for with parafilm and stored in the dark and on ice for at least 2 2 hr in 0.1% (w/v) colchicine. Seedlings were gently removed, hr prior to analysis to allow the binding of propidium iodide washed with copious amounts of fresh water, and transplanted and DNA to approach equilibrium. to soil (Sunshine Professional Peat-Lite mix 4; SunGro HortiAll samples were analyzed with a Becton-Dickinson FACculture, Vancouver, BC). Seeds were collected from individual Scan. Data from a minimum of 10,000 events were collected plants and sown on moist soil, stratified for 4 days, and grown from each sample. For each sample, the mean fluorescence for 4 weeks. Nuclear DNA content from these plants was estiintensity of the basal somatic DNA content peak produced by mated by flow cytometry and one tetraploid individual was the CellQuest software was saved for further analysis (the same selfed to generate the 4x-Col line used in this study.
conclusions were drawn when the median of the fluorescence All plants were grown in a growth room lit by fluorescent intensity peak was used instead). To allow comparison of diflamps (model TL80; Phillips, Sunnyvale, CA) at 22 Ϯ 3Њ with a 16:8 hr light:dark photoperiod or in a greenhouse at similar ferent samples and data from different days, the fluorescence intensity of each sample was normalized to that of an external (2001) . In this prior study, a few seeds from each of 120 F 2 's were planted and a fertile individual was selected randomly standard as follows: for each cytometry run (all samples prepared and run on the same day), at least two control samples to continue the lineage to the F 8 or F 6 generation, depending on the plant (Schiff et al. 2001 and personal communication) . containing Col-0 nuclei were run at least twice each. For each day, a scaling factor, A, was determined by averaging the fluoWe obtained these lines directly from Shauna Sommerville (Carnegie Institution) and one individual from each RIL was rescence intensities of the first peak (e.g., the 2C nuclei of a diploid) of Col-0 samples and dividing this number by two. The grown alongside the original parents (Col-0 and Wa-1). Leaf material was harvested both for the measurement of genome fluorescence intensities of control samples were normalized by dividing them, for each sample, by the corresponding day's content by flow cytometry (see above) and for DNA extraction. Genomic DNA was extracted using the Q-Biogene (Carlsbad, A-value. Regression analysis of data from controls of known genome content was used to determine the relationship be-CA) Fast DNA kit according to the manufacturer's recommendations and markers were amplified by PCR. PCR products tween the normalized fluorescence intensity (FI/A ) and genome content. The controls included diploid Col-0 samples were resolved on 5% polyacrylamide gels. [genome content (GC) of 2.0], samples from triploids of the The original data set obtained by Schiff et al . is available at CCC and CWW genotypes (GC of 3.0), and tetraploid 4x-Col http:/ /carnegiedpb.stanford.edu/research/shauna/host_resist and Wa-1 samples (GC of 4.0). These controls were analyzed ance.html. We updated the genotyping data for the following on multiple days and originated from either the same plant markers: ATEAT1, nga63, AthZFPG, T27K12, nga280, nga111, or different plants of the same genotype. The regression was and nga692 on chromosome I; nga1145, nga1126, and nga168 significant and the data were well fit by the model (P Ͻ 0.0001; on chromosome II; AthDET1, SC5, and nga1107 on chromo-R 2 ϭ 0.989). The genome contents of the unknown samples some IV; and nga106 and nga129 on chromosome V. Data were calculated using the regression model GC ϭ 0.358685 ϩ for an additional 23 markers (Table 1) were added to this data 1.6719 ϫ FI/A (supplementary Figure S1 at http:/ /www.gene set (see supplementary Table S1 at http:/ /www.genetics.org/ tics.org/supplemental/).
supplemental/ for complete genotype and genome content All genome contents were expressed as a multiple of the data). Five lines, corresponding to RILs 28, 31, 34, 66, and haploid genome content of Col-0, because we were interested 108 in the original Schiff population, consistently exhibited in estimating the genome content of polyploids and aneuallele polymorphisms distinct from both Wa-1 and Col-0, sugploids of the same species relative to diploid individuals of gesting that they had either been contaminated by outcrossing the same species. According to this scale, 2.0 corresponds to to another ecotype or represented seed contaminants. These diploid individuals and 4.0 corresponds to tetraploid individulines were excluded from the analysis. To evaluate marker orders, als. The range of error obtained for the control samples is a genetic map from the RIL population was created using an summarized in Figure 2a and supplementary Figure S1 .
implementation of the Morgan mapping function in Map ManFor the initial characterization of the recombinant inbred ager QTX version b20 (Manly et al. 2001 ) (supplementary Figlines (RILs), the fluorescence intensity measurements for each ure S2 at http:/ /www.genetics.org/supplemental/). RIL were determined by scaling each measurement to Col-0 Marker associations were evaluated using Fisher's exact test diploid controls for that day. GC was then estimated by using to compare the proportion of individuals homozygous for the regression model calculated above.
the Col-0 and the Wa-1 alleles in the diploid and tetraploid Statistical analysis of the F 2 genome content distributions:
populations. This test is more conservative than the chi-square The expected distribution of genome content in the progeny test and is valid for populations with fewer than five individuals of a triploid was calculated as follows. The frequency of each in a class. Only homozygous individuals for each marker were aneuploid class was calculated as expected from the random considered because our genotyping method cannot unambigsegregation of three sets of chromosomes without selection.
uously discriminate between the different polyploid heterozyOn the basis of DNA sequence length (TIGR5.0 release at gote types. A Bonferroni correction was applied corresponding to www.arabidopsis.org) the following genome size percentages a total of 11 independent tests from ‫055ف‬ cM on 10 chromosome were assigned to chromosomes I-V, respectively: 24.5, 15, 20, arms. The number of tetraploid homozygous individuals deter-18.5, and 22. For each aneuploid class, genome content was mined the observed sample size. Expected values were calculated calculated using these values. The value obtained was divided from the frequencies of Wa-1 and Col-0 homozygotes in the by 100 (haploid genome content) and rounded to the nearest diploid population. decimal point. The different aneuploid types were then binned into the same genome content classes used for the progeny of the CCC and CWW triploids. To compare the observed distribu-RESULTS tions of genome size (obtained by flow cytometry) to this expected genome size distribution, individuals with the lowest Natural autotetraploid accessions of A. thaliana: The and highest genome contents were pooled in the following analysis of natural variation in a genetic trait can provide categories to ensure enough individuals in every category: important information. We undertook a survey of A. thali- (from Warsaw; ABRC no. CS6885) and M3385S (from these traits (Figure 1 ). Pollen viability and yield were reduced similarly in both triploids as compared to that Stockholm; ABRC no. CS3111), both of which were identified in a much smaller sampling of ecotypes reported of the diploid and tetraploid parents (t-test; all P-values Ͻ0.003). The triploids produced between 65% (CCC) earlier (Schmuths et al. 2004) . Notably, another ecotype called Stockhom (St-0) is diploid although preand 75% (CWW) plump seeds (i.e., well formed), which was less than the diploid and tetraploid parents proviously reported to be tetraploid (Heslop-Harrison and Maluszynska 1994). Of these two autotetraploids, duced (t-test; all P-values Ͻ0.0001). CWW siliques contained a higher percentage of plump seeds than CCC Wa-1 was chosen for further analysis because, like Col-0, Wa-1 is early flowering while M3385S is late flowering siliques (t-test; P-value Ͻ0.0001). Thus, the genotype of the triploid affected the viability of its progeny. (data not shown).
Fertility of triploid A. thaliana: We investigated tripTriploids of Arabidopsis produce an aneuploid swarm: The triploids were allowed to self-pollinate and the geloids of A. thaliana, which had been reported to be fertile (Steinitz-Sears 1962) . We crossed the standard nome contents of 124 CWW F 2 plants and 141 CCC F 2 plants were estimated by flow cytometric analysis of diploid Columbia-0 (Col-0) to both the natural autotetraploid Wa-1 and a synthetic autotetraploid derivative nuclear DNA. Both triploids produced a swarm of aneuploids including trisomics and other aneuploids spanof Col-0 (4x-Col) to make the CWW and CCC triploids (C and W represent Col-0 and Wa-1 genomes, respecning a wide range of genome contents (Figure 2a ). The distributions of genome content in these swarms tively). We sought to determine if triploids with chromosomes from a natural tetraploid accession were more deviated from the theoretical distribution of genome contents (see materials and methods) expected from fit than those with only Col-0 chromosomes. Diploid, triploid, and tetraploid A. thaliana were pherandom chromosome segregation and an absence of selection (Figure 2 , a and c; 2 ϭ 345.3, d.f. ϭ 6, and notypically very similar, the most obvious difference being flower size, which increased with ploidy. Compari-P-value Ͻ0.0001 for the CCC F 2 and 2 ϭ 269.5, d.f. ϭ 6, and P-value Ͻ0.0001 for the CWW F 2 ). The proporson of the two tetraploid parents revealed that Wa-1 did not outperform 4x-Col for most fertility-related traits tion of euploid F 2 plants was greater than predicted, suggesting a strong selection against aneuploids or mei- (Figure 1 ), suggesting that if any adaptations to polyploidy have been selected in this accession, they are not otic mechanisms favoring euploid gamete formation. The distributions of the two F 2 families were different dramatically visible in the seeds and pollen of tetraploids. Neither the CCC nor the CWW triploids per-( 2 ϭ 24.6, d.f. ϭ 9, and P-value ϭ 0.0035). Most of the difference between the two distributions stemmed from formed as well as their diploid or tetraploid parents for the upper half of the distributions. CWW produced more individuals in genome content classes 3.4 and 3.6 while CCC produced more individuals in genome content classes 3.6-4.2 ( 2 ϭ 18.17, d.f. ϭ 1, and P-value Ͻ0.0001). Thus, either possessing Wa-1 alleles influences the effect of different types of aneuploidy or the CWW and CCC triploids produce different types of gametes in different proportions. Unfortunately, flow cytometric measurement of genome content does not distinguish between different aneuploid types of similar chromosome number or genome content. It is also possible that some of the F 2 individuals contain chromosome fragments due to chromosome breaks during meiosis. Finally, the relative size of the different chromosome types may not be exactly the same in Col-0 as in Wa-1. Therefore, we cannot rule out the possibility that within each genome content class, the types of aneuploids produced by the CCC and CWW triploids differ as well.
Phenotype and fertility of the aneuploid swarm: The progeny of both triploids contained plants exhibiting various phenotypes, such as altered leaf color and shape, dwarfism ranging from subtle to extreme, and changes in flowering time (Figure 3, a-h ). The phenotypes of the F 3 seeds were also variable: individuals in some families aborted much earlier in their development than others (Figure 3 , i-p; data not shown). With the possible exception of the two extreme classes, each genome content class can contain several (up to 50) different types of aneuploids (Figure 2c) . Therefore, each genome content class contained individuals exhibiting various phenotypes and no phenotype was representative of a particular genome class.
The viability of the F 3 seeds was estimated by the percentage of plump seeds and seed number per F 2 silique. Surprisingly, most of the aneuploids produced viable seeds although the number of viable seeds was variable and lower in aneuploids than in euploids. The negative effect of aneuploidy on seed viability was stronger in the F 2 plants of CCC than in the F 2 plants of CWW. Specifically, CWW F 2 plants of genome content consistent with 16 or 17 chromosomes produced a higher percentage of plump seeds than CCC plants of similar genome content (Figure 2a, inset) . Thus selection against aneuploid types continued in the F 3 and lines. Yet, they did note high lethality and sterility in early filial generations (one-fourth of the lineages were lost to fertility problems; I. W. Wilson, personal commu- nication), a low Col-0 to Wa-1 allelic ratio, and an unusucontents observed within the two RIL classes was due to measurement imprecision or to aneuploidy. To obtain ally high level of heterozygosity in the RILs. All these observations are consistent with aneuploidy and polya more precise determination of genome size in some of these lines, multiple individuals from a few of the ploidy arising from an interploidy cross.
From this population, we obtained the 89 surviving lines with genome content values furthest from euploidy were grown and their genome size was determined. lines, 80 of which had been propagated to the F 8 while the remaining 9 had been propagated only to the F 6 .
Aneuploidy in these lines was investigated by examination of genome content in siblings. In 7 of the 15 lines We measured the nuclear DNA content of these 89 lines (Figure 2b ) and were able to partition the RILs into tested, siblings segregated for genome content deviation consistent with an aneuploid parent. Interestingly, these two classes: near-diploids (n ϭ 63; genome content 1.92-2.60) and near-tetraploids (n ϭ 26; genome content lines included 3 of the 9 lines that were propagated only to the F 6 generation while only 4 of the 80 lines 3.56-4.63). As expected, the near-diploid lines exhibited a lower level of heterozygosity (mean of 2.0 Ϯ 2.3%) that were propagated to the F 8 generation were determined to be aneuploid, suggesting that earlier generathan the near-tetraploid lines (mean of 15.9 Ϯ 6.6%).
Within both groups, many plants possessed a genome tions are more likely to contain aneuploid individuals. Genetic analysis of the RILs and evidence for ploidycontent that deviated from the euploid parents by at least the approximate size of one chromosome (Figure dependent selection: The influence of genotype on the F 2 and F 3 generations (Figures 1 and 2) , along with the 2b). It was unclear whether the wide range of genome gradual production of euploids from this aneuploid sented in the diploid population (57%) and was present swarm, may result in ploidy-dependent selection in the in 95% of the homozygous tetraploid lines. To verify RILs. Selection of alleles in the tetraploid individuals that this was not due to a chromosomal inversion, we but not in the diploid individuals, or vice versa, should determined the marker order around nga280 and found be detectable as a difference in allelic frequency for a it to be identical to that of the physical map of Col-0 given marker in the two ploidy types. To test this, we (TIGR5.0 release at www.arabidopsis.org). Our data are investigated whether genome content in the RIL poputherefore consistent with conditional selection of the lation was associated with marker genotype. A linkage Wa-1 alleles in the tetraploid lines and not in the diploid model for triploid or aneuploid inheritance is not availlines. The lack of a suitable linkage model hinders the able. We therefore took a single-locus approach and mapping of a QTL. Nevertheless, genotypic differences searched for loci exhibiting segregation distortion as between Col-0 and Wa-1 in the response to tetraploid well as loci conditionally selected in one of the two ploidy formation from a triploid could be localized to a specific classes. For the purpose of this analysis, the two euploid chromosome. classes included lines with near-diploid and near-tetraploid individuals. We compared the allelic ratios in the tetraploid RILs to the allelic ratios in the diploid RILs DISCUSSION at each of the 53 markers using Fisher's exact test with Polyploidy has played a major role in the evolution of the significance threshold corrected for multiple tests flowering plants (Ramsey and Schemske 1998 ; Soltis et (see materials and methods). Marker nga280 and the al. 2003) yet little is known about the genetic mechaclosely linked MN1.2 marker, both on chromosome I, nisms that contribute to the formation and stability of exhibited a significantly higher ratio of Wa-1 to Col-0 polyploids. In this study, we sought to characterize the alleles in the tetraploid lines than in the diploid lines (Figure 4) . The nga280 Wa-1 allele was not underrepreresponse of A. thaliana to triploidy and to identify ge- The allele frequencies in putative diploid and tetraploid populations were compared using Fisher's exact test. The allele frequency of the diploid population was used as the expected ratio and the observed allelic ratio was that of the putative tetraploid population. The logarithm of the P-value at each marker is shown and the dashed horizontal line indicates a Bonferroni-corrected P-value of 0.05 for 11 independent tests. The inset indicates the percentages of individuals homozygous for the Wa-1 allele as well as the Fisher's exact test P-value for the most significant marker (nga280).
netic variability affecting this response as well as investiAneuploidy has severe effects on phenotype and viability probably because of a requirement for the balgate the contribution of triploids to the formation of anced dosage of many factors (Bridges 1922; Birchler polyploids. et al. 2001) . While this adequately describes the behavior Triploidy occurs relatively frequently in diploid speof trisomics, its application to higher-order aneuploids cies of animals and plants, resulting either from the is unclear. Trisomics have been described in a variety fusion of an accidental 2N gamete to a regular 1N gaof species and, in all cases, each trisomic exhibits stereomete, both produced by diploid individuals, or from typical phenotypes dependent on which chromosome crosses between diploid and tetraploid individuals. In was present in excess (Blakeslee 1922 ; McClintock humans, 10% of spontaneous miscarriages are due to 1929; Rick and Baron 1953; Steinitz-Sears 1962). Yet, triploidy (Sankaranarayanan 1979) , but triploids of little information is available about the phenotypes of fish and amphibians can grow to adults and some species aneuploids involving more than one unbalanced chroare even fixed in the triploid state (Tock et al. 2002) .
mosome. The availability of multiple aneuploid types in Plants can be classified in two categories according to a model system should facilitate the development of a their response to triploidy: in some species, most triploid more comprehensive model for the effects of aneuploidy. embryos die because of abnormal endosperm developThe CWW F 2 aneuploid swarm ( Figure 2a ) likely rement and the few individuals that do develop exhibit flects the composition of the F 2 generation used to genhighly reduced fertility (Satina and Blakeslee 1938;  erate the recombinant inbred lines produced by Schiff Woodell and Valentine 1961; Tsuchiya 1967). This and coworkers (Schiff et al. 2001) . Analysis of these phenomenon is called the triploid block. Interestingly, RILs demonstrated that repeated selfing had resolved data from triploids of some of these species suggest the aneuploid swarm found in the F 2 into two groups: that they produce only a narrow range of low genome near-diploids and near-tetraploids. Thus in Arabidopsis content aneuploids or diploid progeny. In other species, severe aneuploidy (i.e., aneuploids with several unbalinterploidy crosses are successful (Woodell and Valenanced chromosomes) is not always a terminal condition tine 1961) and the resulting triploids undergo virtually and a majority of the F 2 aneuploids were able to produce normal development until reproduction. These tripeuploid progeny in a few generations. This is consistent loids exhibit various levels of fertility and data from with the factors affecting the distribution of karyotypes triploids of some of these species suggest that they proin the F 2 continuing to influence the subsequent generaduce progeny with a much wider range of genome contions, progressively depleting the population of aneutent. Such species include sugar beet (Levan 1942) , ploids and enriching it with euploid individuals. These Melandrium (Warmke and Blakeslee 1940), or poplar data suggest a possible role of triploids and aneuploids (Johnsson 1942 (Johnsson , 1945 . Our study demonstrates that as bridges between diploid and tetraploid populations. A. thaliana belongs to the latter category, exhibiting Of course, both the strength and nature of selection only a mild reduction in fertility (Figure 1) . acting on karyotype swarms in the wild may be radically Studies on natural populations support a role for different from those acting on plants grown under contriploids as bridges between ploidy classes with the astrolled laboratory conditions. sumption that triploids directly produce euploids (Ram- The genetic analysis of these RILs also identified one sey and Schemske 1998; Burton and Husband 2001) .
marker that exhibited a significantly higher percentage Our study supports a role for triploids of Arabidopsis of Wa-1 alleles in the tetraploid lines than in the diploid both in polyploidy formation and as vectors for gene lines. These data are consistent with the conditional flow between diploid and tetraploid populations. Most selection of a Wa-1 allele in tetraploids or their progeniremarkable, however, is the observation that this triploid tors. This bias suggests a role for the linked locus in bridge acts through at least one and possibly several polyploid formation or establishment. The mechanisms underlying this selection remain unclear. generations of aneuploidy.
